Abstract: Equiatomic CuZr alloy undergoes a martensitic transformation from the B2 parent phase 
Introduction

34
Equiatomic CuZr alloy is expected as a high temperature shape memory material, since it 35 undergoes martensitic transformation point over 100 ° C [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . This alloy shows a martensitic 36 transformation from the B2 matrix (space group: Pm3 m) to the two martensitic phases (space group:
37
P21/m and Cm) at about 150 °C, and its reverse transformation temperature is around 265 °C [3] [4] [5] .
38
One of the important characteristics required for practical application of shape memory alloy is a 39 thermal cycling property. Koval et al. [3] reported the thermal cycling behavior of equiatomic CuZr
40
alloy is what the transformation peaks shifted significantly, and additional peaks meaning new 41 martensitic transformation appeared by electrical resistivity measurements. In addition, Biffi et al. 2 of 10 provides that the reverse transformation start (As) temperature and the martensitic transformation 45 start temperature (Ms) shifted to the high and low temperature sides, respectively. It was also 46 confirmed that the reverse transformation peak A and the martensitic transformation peak M 47 disappear in the 7th cycle [12] . Alternatively, at the 4th cycle, new peaks A* and M* different from 48 peaks A and M appeared, and then these new peaks remained around -20 °C at the 50th cycle.
49
Although the changes in the macroscopic features and crystal structure accompanying these peaks 50 have been investigated by scanning electron microscopy (SEM) observation and x-ray diffraction 51 (XRD) measurement at varying the temperature, a detail microstructural characterization is not 52 performed in nanoscopic scale. In this study, we aimed to clarify the effect of the thermal cycling on 53 the morphology and crystallography of martensite in equiatomic CuZr alloy using a transmission 54 electron microscopy (TEM).
55
Materials and Methods
56
Equiatomic CuZr alloy was prepared from pure cupper (99.99%) and zirconium (99.2%) by arc 57 melting in an argon atmosphere. The ingot was remelted for eight times. The samples were 58 homogenized in an argon quartz tube at 850 °C for 10 h, and annealed at 800 °C for 1h, followed by 59 water-quenching. After that, the samples were processed to a diameter of 3 mm by ultrasound 60 machining, and DSC measurement was performed ten times using a calorimeter (NETZSCH DSC 61 3500 Sirius). The heating and cooling rates were 20 °C/min, and the ranges of measurement 62 temperature were -100 ° C to 550 °C. The constituent phases were examined by using an X-ray 
101
These peaks indicate that Ms and As are 135 °C and 261 °C in the water-quenched equiatomic CuZr 102 alloy, which are almost the same as in the previous reports [3, 12] . As the number of cycles increase, 
108
respectively. In the previous study [12] , the new peaks appeared at the 4th cycle, and the areas of 109 both peaks A* and M* were 3.5 J/g, resulting in slightly different from this study. This should be due 110 to slight differences in the ranges of measured temperature and rates; previous study: -100 to 450 °C, 
155
is considered that the peak M* is generated by the transformation from the martensitic phases with
156
Cm and P21/m structure. Firstly, in order to confirm whether Cm structure is transformed by new 166 Figure 5 shows the DSC curves of 10th cycled equiatomic CuZr alloy with the ranges of 167 measurement temperature were -100 °C to 500 °C. It is apparent that peak A and M disappers 168 completely, new peak A* and M* are existed around -20 °C . Furthermore, Figure 6 shows the DSC 169 curves until 6th thermal cycles. It is noted that a new peak corresponding to M* appeared at 2nd 
194
TEM observation after the thermal cycling test in Figure. 6 shows that the eutectoid structure is totally
195
formed. Therefore, we focused on the remaing martensitic regions after 10th thermal cycling. Peer-reviewed version available at Metals 2019, 9, 580; doi:10.3390/met9050580
